Injuries to the finger are quite common both during sports and in daily activities, and imaging plays a crucial role in early diagnosis of these injuries, as clinical examination is often limited by associated pain and swelling [1] .
A large number of these injuries involves the soft tissues and are difficult to diagnose on radiographs. Magnetic resonance (MR) with its inherent advantage of high soft tissue resolution is of great help in diagnosing these injuries. Awareness of normal anatomy of the finger and the imaging appearance of the various injuries is therefore essential for correct diagnosis and treatment and to avoid deformity or dysfunction due to improper diagnosis or treatment.
In this article, we will review the normal anatomy of the finger and the MR imaging findings of the frequent soft-tissue injuries, including the tendon and ligament injuries at various joints in the finger and the thumb.
MR Evaluation of Injuries of the Finger
The scans are preferably performed on a 3-T system using a dedicated surface receiver coil. The patient is placed in prone position with the extended arm within the gantry. MR imaging at our centre is performed using proton-density fat-saturated (PDFS) axial, coronal, and sagittal images; T2 axial, coronal, and sagittal images; and T1 axial images. The PDFS images helped in excellent visualisation of the ligamentous integrity and also marrow edema. Though T2 FS may also be used for the same purpose, at our centre we prefer PDFS. The T2-weighted (T2W) images were helpful in assessing the tendons and volar plate and in confirming Figure 1 . Normal volar plate. Sagittal proton-density fat-saturated image of the proximal interphalangeal joint of the little finger (in a patient with a torn extensor slip) shows normal volar plate at the proximal interphalangeal joints (arrow) with firm attachment on the volar lip of the base of the bone distally. As mentioned the attachment proximally is not so well defined. partial ligament tears. The T1 axial were again helpful in correlating with the T2W images in cases of tendon tears and were also helpful in picking up subtle tendinopathy.
Anatomy
The finger anatomy appears complex but it is relatively simple with limited tendons and ligaments. All the 4 fingers have proximal, middle, and distal phalanges and 3 hinged joints: distal interphalangeal (DIP), proximal interphalangeal (PIP), and metacarpophalangeal (MCP). The thumb has a distal and proximal phalanx with an interphalangeal and MCP joint. The anatomy of the MCP, PIP and the DIP joints of all the fingers as well as the thumb is essentially the same with the collateral ligaments and the volar plate being the main stabilizers of these joints [1] . The extensor and flexor tendons provide dynamic stability to the joints. The volar plate is a thick fibrocartilaginous structure forming the floor of the joints. It has a distal insertion on the volar lip of the base of the distal bone of the joint and a proximal U-shaped ligamentous attachment on the proximal bone with the help of 2 lateral bands, called the ''checkrein'' ligaments ( Figure 1 ). The volar plate prevents hyperextension of the respective joint [2] .
The MCP joint of the thumb has a slightly different anatomy from the rest of the joints with the addition of sesamoid bones on either side of the volar plate forming a volar sesamoid complex. The adductor pollicis tendon inserts volar to the ulnar collateral ligament (UCL) on the ulnar sesamoid at the volar sesamoid complex with some fibers extending distally and dorsally superficial to the UCL as the adductor aponeurosis to insert directly onto the base of the proximal phalanx [3] ( Figure 2 ).
The collateral ligaments include radial and the ulnar ligaments and each consists of a proper and an accessory collateral ligament. The radial proper as well as the accessory collateral ligaments both originate from the dorsoradial aspect of the head of the proximal bone but the radial proper ligament inserts at the volar and radial aspect of the base of the distal bone, whereas the accessory ligament inserts into the radial aspect of the volar plate ( Figure 3 ). The ulnar proper and accessory ligaments also has similar configuration, originating from the dorso-ulnar aspect of the head of the proximal bone with the proper ligament inserting on the volar and ulnar aspects of the base of the distal bone whereas the accessory ligament inserts into the ulnar aspect of the volar plate.
The extensor and the flexor tendons provide dynamic stability to the joints. The extensor apparatus is comprised of extrinsic as well as the intrinsic muscles. The extrinsic tendons originate in the forearm, include extensor digitorum communis, extensor indicis proprius (EIP), and extensor digiti quinti minimi (EDQM) and help in extension of the MCP and the interphalangeal joints [4] . The intrinsic muscles include the interossei and the lumbricals, which originate as well as insert in hand.
The extrinsic tendons are stabilized over the dorsum of the metacarpal head by an extensor hood, which originates from the volar plate and attaches on the extensor tendons. Thereafter, these extrinsic tendons blend with the intrinsic tendons and form a dorsal apparatus, which divides into a central slip that inserts on the base of the middle phalanx, and then into 2 lateral bands, which along with fibres from the intrinsic muscles form the conjoint tendons, which merge distally and insert on the base of the distal phalanx (Figures 4, 5, and 6).
Each finger has 2 flexor tendons: the flexor digitorum superficialis (FDS) and the flexor digitorum profundus (FDP). The thumb has only 1 flexor pollicis longus (FPL).
The flexor digitorum tendons travel in a common synovial sheath, which in turn is surrounded, by a fibrous sheath. The FDS is superficial to the FDP at the level of the metacarpal. At the proximal third of the proximal phalanx the FDS divides into 2 slips, which spiral deep to the FDP and insert on either side of the middle phalanx in close proximity to the A4 pulley [5] . The FDP passes through the hiatus formed by the divided FDS tendon becoming superficial to it and continuing distally to insert on the volar base of the distal phalanx ( Figure 7 ).
Well-defined focal areas of thickening are seen in the fibrous tendon sheath, referred to as the annular pulley system [6] with additional crisscrossing fibers of the cruciate pulleys in between. This pulley system provides dynamic stability to the finger. Five annular (A1-A5) and 3 cruciate (C1-C3) pulleys are found in each finger. The A1, A3, and A5 pulleys lie opposite the MCP, PIP, and the DIP joints, respectively, and the A2 and the A4 lie opposite the proximal and middle phalanx, respectively [7] (Figure 8 ). The A2 and the A4 pulleys are the most important in proper finger function and also the ones that are most frequently injured.
The thumb has a different pulley configuration and comprises of 2 annular pulleys, A1 and A2, at the level of the metacarpophalngeal and the interphalangeal joint, respectively. In between, there is an oblique pulley opposite the proximal phalanx running obliquely and distally from the ulnar to radial aspect. Yet another variable annular pulley (the pulley is fairly consistent and the name is due to the variability in its appearance) is present between the A1 and oblique pulleys at the level of the proximal phalanx base [8] . 
Injuries
The commonly encountered injuries of the finger include:
Collateral ligament injury Volar plate injury Extensor tendon injury Flexor tendon injury Pulley injury

Collateral Ligament Injury
The most common site of injury to these ligaments is at the PIP joint and occurs usually when an abducting or adducting force is applied to an extended joint [1] . The spectrum of injury includes, sprain, partial tear or a complete ligamentous rupture. The partial and complete tears are usually associated with radio-ulnar instability and subluxations. The complete tears are often associated with total or partial volar plate avulsion [1] .
MRI features
Sprains usually appear as thickening with increased T2 signal of the ligaments but with otherwise intact fibres. Partial tears are seen as focal discontinuity or focal increased intraligamentous signal intensity ( Figure 9 ) and complete tears as complete discontinuity/detachment of the fibres (Figure 10 )dthis usually occurs at their distal attachment. In chronic tears, though the ligament fibres often appear intact, the morphology is altered and the ligament appears thickened or thinned out with a wavy contour. Dystrophic calcification/ossification may also be seen ( Figure 11 ).
Gamekeeper/skier's thumb
Avulsion injuries of the UCL of the MCP joint of the thumb have been so named because of their association with repetitive stress at the thumb MCP that occurred in gamekeepers from wringing necks of wounded rabbits [9] and with skiing accidents that involved acute hyperabduction of the thumb. The rupture may be total or partial and is usually at the phalangeal insertion. Associated bone avulsion may be seen.
MRI features
Normally, the UCL lies deep/dorsal to the adductor aponeurosis ( Figure 12 ), and both UCL and adductor aponeurosis are not seen on a single section. In cases of partial/complete nondisplaced tear, the UCL appears thickened with/without discontinuous fibres, but is otherwise normal in location, deep to the adductor aponeurosis ( Figure 13 ). However, in cases of total UCL rupture, with proximal retraction there can be interposition of the adductor aponeurosis between the torn UCL and metacarpal head, and both can be seen in the same section with the torn displaced ligament appearing rounded, or horizontally-oriented and lying superficial to the adductor aponeurosis. This condition, known as Stener lesion [1, 10] , requires surgical treatment and MRI is highly sensitive in detecting this [1] (Figure 14 ). 
Volar Plate Injury
Most commonly occurs at the PIP joint and during sports practice due to hyperextension or rotational longitudinal compression of the joint [1] . It is usually an avulsion injury from the base of the middle phalanx and only rarely from the proximal checkrein ligament insertion.
MRI features
An intact volar plate appears as a low signal-intensity structure, best seen on sagittal images (Figure 1 ). An injured volar plate appears thickened with inhomogeneous signal on the T1-and T2-weighted images. Disrupted attachment with a gap is observed in volar plate avulsion injuries (Figure 15 ). Volar plate injuries cause dorsal subluxation of usually the distal bone [1, 2] .
The most severe injury is a fracture-dislocation of the volar base of the middle phalanx [11] , with injury being stable if less than 40% of the articular surface is involved and the collateral ligaments are intact.
The injuries may also be classified as simple or complex depending upon whether or not the volar plate is interposed in the joint [12] .
Open reduction and internal fixation is required for unstable fracture-dislocation and complex dislocations.
Extensor Tendon Injury
The superficial location of these tendons predisposes them to open injuries. Avulsion and closed injuries are also common.
The extensor tendon injuries are commonly classified on the basis of their location according to the Verdan system [1, 13] , which divides the tendon into 8 zones (Figure 16 ).
MRI features
The extensor tendon is best seen on the axial and the sagittal images. The normal tendon, on axial images appears as a thin semilunar low signal-intensity structure centred over the metacarpal head ( Figure 5 ). Midline sagittal images are useful for evaluation of the insertion of the central slip and the terminal tendon (Figure 4 ). . Coronal T2-weighted image at the level of the metacarpophalangeal joint of the thumb shows a torn and proximally UCL (yellow arrow), which appears rounded and horizontally oriented. There is also interposition of the adductor aponeurosis, which is seen lying between the torn UCL and metacarpal head (red arrow). This figure is available in colour online at http://carjonline.org/. Figure 15 . Volar plate avulsion injury. Sagittal T2-weighted images of the little finger shows altered signal of the volar plate of the proximal interphalangeal (PIP) joint at its distal insertion on the middle phalanx (red arrow). The volar plate proximally (yellow arrow) appears normal. Note is also made of a nondisplaced oblique fracture of the middle phalanx. This figure is available in colour online at http://carjonline.org/.
A partial thickness tear is seen as focal area of increased signal intensity on T2-weighted images with thinning and altered morphology (Figure 17 ). Complete tears are seen as discontinuity of the tendon with fraying and irregularities at both ends of the ruptured tendon ( Figure 18 ). Significant retraction of the extensor apparatus is, however, not seen even in total laceration, due to its strong attachment system [1] .
Flexor Tendon Injury
Open injuries of the flexor tendons due to lacerations are more common than closed avulsion injuries [1] .
The flexor tendon injuries have also been classified by Kleinert et al [14] and Verdan [13] into 5 anatomic zones ( Figure 19 ).
MRI features
The flexor tendons are best visualized on the sagittal and axial images as low signal intensity round or ovoid structures thicker than extensor tendons (Figure 7) .
The longitudinal split tears are better seen on axial or coronal images (Figure 20) , while transverse ( Figure 21 ) and avulsion tears are better appreciated on sagittal images. A partial thickness tear is seen as focal area of increased signal intensity on the T1-and T2-weighted images. Complete tears are seen as discontinuity of the tendon with variable retraction of the torn tendon and gap between the ruptured ends of the tendon (Figure 21) .
Associated complications like tenosynovitis, subluxation of the injured tendon, and disruption of the pulley system may also be seen. Figure 16 . Zones of extensor apparatus. T2-weighted sagittal image showing zones of the extensor apparatus. The odd-numbered zones are opposite the joints and the even zones between the joints, ie, Zone 1, 3, 5, and 7 correspond to the distal interphalangeal, proximal interphalangeal, metacarpophalangeal, and the wrist joints, respectively, with the Zone 2, 4, 6 lying in between. Zone 8 is between the wrist joint and the musculotendinous junction. This figure is available in colour online at http://carjonline.org/. 
Pulley System Injury
Lesions of the pulley system are most often seen in rock climbers due to the unique manner in which the stress in imposed on these structures during the crimp position (extended DIP and MCP joints with flexed PIP joints). The ring and the middle fingers are the most commonly injured [7] .
MRI features
MR helps in diagnosis, both by direct visualization of the tear and by demonstrating useful indirect signs [6] .
The indirect sign includes the ''bowstringing sign'' [15] , which is seen as a gap between the flexor tendon and the bone at the site corresponding to the pulley injury on sagittal images obtained with flexion at the interphalangeal joints ( Figure 22 ). In incomplete disruption of the A2 pulley, bowstringing does not extend beyond the base of the proximal phalanx. Extension of bowstringing beyond the base of the proximal phalanx is indicative of a complete disruption. The gap varies from 2-5 mm for isolated complete tears to 5-8 mm for simultaneous complete tears of multiple pulleys. The use of dedicated surface receiver coils also allows direct visualization of disrupted pulleys in axial sections.
Grading the severity of injury is essential for management, as Grade I to III injuries (strains, partial rupture, single ruptures) are treated conservatively, while Grade IV injuries (multiple ruptures or associated lumbrical or collateral ligament injury) require surgical repair [1, 7] .
Key/Take-Home Messages
Anatomy of the finger may initially appear complex, but is reasonably simple with limited tendons and ligaments and consistent anatomy across all the fingers and joints. Injuries of the collateral ligaments and the volar plate commonly co-exist and lead to articular instability. Interposition of the torn ligament or volar plate into the joint and detection of Stener lesion mandate surgery. Complete ruptures of the volar plate or the collateral ligaments usually occur from their distal attachments. 
